HRP C is one of the most abundant isoenzyme of Horse radish peroxides, and HRP C comprises 308 amino acid residues, a prosthetic group (heme), eight carbohydrate side chains and two calcium ions, with the overall molecular mass close to 44,000 Dalton. The three-dimensional structure of the enzyme and its catalytic intermediates, mechanisms of catalysis, and the function of specific amino acid residues have been well studied and reviewed in the literatures 1-3 . Our focus in this paper is about the conformational dynamics of the enzyme in the product releasing process of an enzymatic reaction cycle. To facilitate the overall understanding of the conformational dynamics of the HRP, we highlight the catalytic mechanism and the crystal structure from the previous literatures 1-4 .
HRP C is one of the most abundant isoenzyme of Horse radish peroxides, and HRP C comprises 308 amino acid residues, a prosthetic group (heme), eight carbohydrate side chains and two calcium ions, with the overall molecular mass close to 44,000 Dalton. The three-dimensional structure of the enzyme and its catalytic intermediates, mechanisms of catalysis, and the function of specific amino acid residues have been well studied and reviewed in the literatures [1] [2] [3] . Our focus in this paper is about the conformational dynamics of the enzyme in the product releasing process of an enzymatic reaction cycle. To facilitate the overall understanding of the conformational dynamics of the HRP, we highlight the catalytic mechanism and the crystal structure from the previous literatures 1-4 .
1. The catalytic mechanism of HRP C HRP C is able to catalyze the oxidation of a wide variety of substrates, such as aromatic amines, indoles, phenols, and sulfonates, by hydrogen peroxide. The oxidation reactions can be summarized by Eq. (1), in which AH 2 represents a reducing substrate, and AH • a free radical product.
(1 Figure S1 The catalytic cycle of horseradish peroxidase with Hydrogen peroxide Although the catalysis of HPR with H 2 O 2 has been extensively studied 2, 3, 5, 6 , there are still debates on the electron transfer mechanism between the substrates and the enzymes, i.e. the product is generated through a two-electron-oxidation process discussed above ( Figure S1 ) or through a radical reaction after a one-electron-oxidation. [7] [8] [9] [10] [11] Recently, an enzyme-independent dismutation reaction of two radical molecules has been proposed to support the one electron transfer from a single substrate to enzyme, based on the statistics of single HRP molecule reactions in femtoliter chambers 4 . In their proposed mechanism, HRP firstly oxidizes Amplex Red to non-fluorescent radical intermediates, which subsequently undergo an enzyme independent dismutation reaction to form fluorescent resorufin. However, the widely accepted fluoregenic enzymatic reaction mechanism ( Figure S1 ) is in difference from this recently proposed mechanism. We are not in a position to prove one way or another in our current work as it is beyond the scope of our project. Nevertheless, in our experiments, the products of resorufin molecules are delivered from the enzyme active site one by one as the turnovers shown in Figure 2 of our paper, which is consistent with the HRP-catalyzed oxidation of dhRh123 reaction, the widely accepted two-electron oxidation mechanism ( Figure S1 ). If the product resorufin can only be generated by the enzymeindependent dismutation reaction of two radical molecules, this must be happen outside of the enzyme, since the substrate and the enzyme assemble 1:1 complex 3,5,6 . It is impossible to see the fluorescence turnovers happen at the low concentration of the products, especially at the beginning of the enzymatic reaction. In this assay, the resorufin delivered by HRP may come from the further reaction of Amplex red radical intermediate with the HRP intermediate compound II 9,11 , which is still enzyme-dependent.
Though we cannot give the reaction rate based on the two-electron transfer process, we can confirm that there exists the two-electron transfer from a single Amplex red to enzyme HRP besides the enzymeindependent dismutation reaction of two radical molecules.
The Crystal structures of HRP C
There are two domains in the crystal structure of HRP C, the distal and the proximal, between them the heme group is located ( Figure S2 ). The heme group is attached to the enzyme through a coordinate bond between the His170 side-chain Nɛ2 atom (located in the proximal domain) and the heme iron atom. Here 
